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Introduction 
The goal of this project was to develop a new design for an 
ultrasonic tapered phased array (TPA) transducer to determine its 
feasibility for use in hyperthermic treatment of deep-seated 
tumors. The specific aims were: 
1. To theoretically determine the optimal design for the 
transducer to maximize its intensity gain through the use 
of an acoustic lens. 
2. To experimentally verify the design by fabricating a 
scaled-down version of the transducer and measuring its 
acoustical output. 
3. To identify the potential limitations of the transducer. 
Each of these aims was accomplished during the project period. 
These accomplishments will be detailed in this report. 
Results of Theoretical Analyses 
The theoretical field patterns produced by a tapered phased 
array (see Fig. 1) with a lens were obtained through simple 
modifications of previously employed computer simulations [1]. 
Several single and multi-foci lens configurations were examined as 
illustrated in Fig. 2. The results of this theoretical analysis 
indicated that the multi-foci lens designs lacked sufficient 
intensity gain to preferentially heat the tumor [2]. These multi-
foci lenses also reduced the flexibility of the tapered array since 
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they restricted the number of y locations in which the foci could 
be placed. 
The optimal lens design turned out to be a single foci lens 
which only softly focused the beam in the y-dimension. The soft 
focus allowed the beam to still be steered by several centimeters 
in the y direction by altering the driving frequency of the array, 
as illustrated in Figs. 3 and 4. The addition of this lens was 
found to increase the intensity gain of the array by approximately 
a factor of two. Based on previous calculations of the intensity 
gain required to preferentially heat deep-seated tumors [1], it is 
conservatively estimated that the largest tumor the TPA can treat 
is at least 4 cm in diameter. 
Experimental Results 
To experimentally verify the theoretical results, two tapered 
phased array transducers with both single and multi-foci lenses 
were fabricated. The lenses were fabricated from blocks of 
polystyrene. Polystyrene was chosen because: (1) its acoustical 
impedance is a relatively good match between water and the 
piezoceramic; (2) it is easy to mill; and (3) it is inexpensive and 
readily available from many sources. The arrays were fabricated 
using previously documented techniques [1]. One consisted of only 
16 elements with an array aperture of approximately 4 cm by 10 cm, 
the other contained 48 elements with an array aperture of nearly 
15 cm by 15 cm. The smaller array was used primarily to study 
initial lens designs since much less time was required to fabricate 
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lenses for it compared to the large array. 	Lens designs which 
appeared promising, based upon the results obtained with the small 
array, were fabricated for the large array as well. 
To test the array, a phased array controller was designed and 
constructed [3]. The primary components of this controller are 
shown in Fig. 5. The controller functions as one component of a 
closed loop hyperthermia system. The microcomputer serves as the 
central processing unit of the system responsible for sending 
phase, amplitude and frequency information to the controller to 
implement the desired focal pattern. The microcomputer can also 
receive the temperature data from a thermometry unit which can be 
used to implement a temperature control algorithm. 
Experimental field patterns obtained from TPAs both with and 
without a lens, as shown in Fig. 6, confirmed that the lens narrows 
the beam profile in the electronically unfocused y-dimension. The 
arrays have not been driven at high acoustical power outputs to 
date. These high power measurements will be made after the 
construction of a force balance has been completed. This device 
will allow the acoustical power output of the array to be 
estimated. 
Potential Limitations 
This study has shown that the addition of an acoustic lens 
nearly doubles the intensity gain of the TPA. While this is a 
significant improvement, there often exists the need to treat 
tumors much larger than is possible with this design. 
There is also a potential problem with the temperature rise 
3 
in the lens due to the partial absorption of the ultrasound passing 
through it. The temperature rise effects the focussing properties 
of the lens. The lens will have to be cooled to prevent this from 
occurring. This can be accomplished by cooling the coupling media 
to draw heat away from the lens. The effectiveness of such a 
cooling technique will have to be experimentally evaluated. 
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Figure 1. Tapered phased array 
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Figure 3. Theoretical beam profile of a 64 element TPA (no lens) 
with an aperture of 152 mm by 152 mm. The profile is at 
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Figure 4. Theoretical beam profile of a 64 element TPA with an 
aperture of 152 mm by 152 mm and a 130 mm radius of 
curvature lens. The profile is at the electronic focal 











Figure 5. Block diagram of the TPA controller. 








Figure 6. Experimental beam prof iles of a 16 element TPA with an 
aperture of 101 mm by 51 mm operating at 435 kHz both 
with and without a lens with a radius of curvature of 100 
mm. The profiles are at the electronic focal depth of 
